Introduction
Populations are aging, and unhealthy lifestyles and chronic diseases are becoming more prevalent [1, 2] . The rapid increase in the prevalence of chronic illness has increased the demand for health care services and constrained the organization and delivery of chronic care [3] [4] [5] . Because health care systems have historically been organized around acute care, many organizations are struggling to improve the quality of chronic care delivery and effectively manage the health behaviors of chronically ill patients [6] [7] [8] [9] [10] [11] [12] [13] . Health behaviors such as smoking and physical inactivity are important risk factors for many chronic diseases and leading causes of death and disability [14] . While little is known about how to best improve health behaviors of chronically ill patients in the primary care setting [15] [16] [17] [18] [19] , we do know that effective and highquality chronic care, including preventive health behavior interventions that actively involve chronically ill patients and improve their quality of life, is needed [20] .
Comprehensive system changes, rather than simply implementing sole interventions or adding new features to the existing acute-focused system, are needed to provide effective and highquality chronic care [9] [10] [11] [12] [13] . The chronic care model (CCM) guides quality improvement in chronic care delivery by providing a framework of how primary health care practices can change their care delivery from acute and reactive care to chronic and proactive care that is organized, structured, and planned, through a combination of effective multidisciplinary teams and planned interactions with chronically ill patients [1] . These steps, such as providing self-management support, effective use of community resources, integrated decision support for professionals, and the use of patient registries and other supportive information technology, are expected to result in a stronger provider-patient relationship as well as improved health behavior [1, 13] .
The application of integrated care models, such as disease management programs (DMPs) based on the CCM, is believed to improve patients' health behavior. In several recent studies, researchers have examined the effectiveness of care delivery based on the CCM and reported promising but inconclusive results [21] [22] [23] [24] . Pearson and colleagues [22] found evidence suggesting that the CCM is a useful framework for quality improvement (e.g., positive changes in proactive follow-up, patient registries, capacity to support care management decisions). A meta-analysis conducted by Tsai and colleagues [23] provided strong evidence that the CCM led to significant improvements in process outcome measures (e.g., number of prescribed medications, number tested for hemoglobin A1c level) and clinical outcomes (e.g., number with hemoglobin A1c level > 7%). Other researchers have found indications that programs based on the CCM prevent disease complications [24] . These studies, however, did not report the effects of such programs on patients' health behavior over time. Therefore, this study aimed to investigate the effects of DMP implementation on improved physical activity and smoking cessation among chronically ill patients. Since health behaviors are expected to affect physical quality of life this study additionally aimed to investigate the effects of (changes in) smoking and physical activity on physical quality of life.
Methods
We used a concurrent, nested mixed-methods approach to describe DMPs [25] . The data are mixed during the analytical phase to broaden the scope of understanding of the topic examined. As described in our study protocol [26] , the results of qualitative and quantitative analyses were compared and contrasted to enrich our interpretive ability.
Participants
A national program on ''disease management of chronic diseases'' provided funding for practices planning a redesigning of care based on the CCM. Requirements of the national program were that the practices had to have some experience with the delivery of chronic care and were equipped to implement systems needed for the delivery of high quality chronic care. This resulted in the inclusion of 22 DMPs (out of 38). These DMPs can be considered to be among the leaders of chronic care delivery in the Netherlands. Patients enrolled in these practices receive high quality care. It was not possible to recruit proper control patients from the same practices because implementing a DMP requires redesigning the care delivery structure, which affects all patients in a practice. Also we were not able to find control or comparison groups for all chronic diseases in other regions. This study included patients participating in 18/22 DMPs based on the CCM that were implemented in various Dutch regions. Four DMPs were excluded due to (1) a small sample (<15 patients), (2) delayed questionnaire distribution resulting in incomplete data, (3) inclusion of hospitalized patients rather than community-based primary care patients, and (4) slightly different questionnaire content to address a specific mental health condition. The 18 DMPs were characterized as collaborations between care sectors (e.g., between general practitioners and hospitals) or within primary care settings (e.g., among pharmacists, physiotherapists, dieticians, social workers), and by the population targeted: patients with cardiovascular diseases (n = 9), chronic obstructive pulmonary disease (n = 4), heart failure (n = 1), comorbidity (n = 1), and diabetes (n = 3). See the appendix for a detailed overview of the interventions implemented in each DMP.
In 2010 (T0), most DMPs had finished developing interventions based on the CCM [e.g., information and communication technology (ICT) systems, training of professionals, care protocols, redistribution of tasks] and had started to enroll patients. The CCM incorporates flexibility in the implementation of interventions; thus, all DMPs incorporated the elements of the CCM in varying contexts and to various extents. The most common interventions aiming specifically to improve the health behavior of DMP participants were: the use of individual care plans with personal goals, tailored interventions for smoking cessation and the improvement of physical activity, patient education, patient training in active participation and selfmanagement, the use of personal coaches/counselors, and the facilitation of self-monitoring.
This study was approved by the Ethics Committee of Erasmus University Medical Center, Rotterdam (September 2009).
Survey administration
At T0, questionnaires were distributed to 5108 patients participating in the 18 DMPs and completed by 2619 respondents (51% response rate). One year later (T1), questionnaires were distributed to 4693 patients still participating in the 18 DMPs and completed by 2191 respondents (47% response rate). A total of 1447 patients completed questionnaires at both T0 and T1.
Outcomes
Patients' physical quality of life was assessed using the physical component of the Short Form 36 Health Survey [27, 28] . Selected items and weights derived from the general Dutch population were then used to score the physical quality of life component [29] , with higher scores indicating more positive ratings.
We assessed background characteristics such as age, gender, marital status and education. Patients' educational levels were assessed on six levels ranging from 1 [no school or primary education ( 7 years)] to 6 [university degree (!18 years)]. We dichotomized this item into low (no school or primary education) or high (more than primary education) educational level.
Physical activity was assessed by asking respondents how many days per week they were physically active (e.g., sport activities, exercise, housecleaning, work in the garden) for at least 30 min. This question comes from the SQUASH instrument (Short QUestionnaire to ASses Health enhancing physical activity). It was developed in the Netherlands and has been validated using an accelerometer. The scores on the SQUASH are considered to be sufficiently reliable and valid to measure the level of physical activity of a healthy adult population [30] and among patients after total hip arthroplasty [31] . Government agencies use this instrument to monitor physical activity of the Dutch population. We used mean physical activity measured in number of days per week in our analyses. In addition, we dichotomized the physical activity scale according to the Dutch Standard for Healthy Physical Activity into 1 (at least 30 min of physical activity at least five times per week)] or 0 (at least 30 min of physical activity less than five times per week) [32] , to compare the proportion of physically active patients with the Dutch average. Self-reported current smoking was assessed with a yes/no question.
Statistical analyses
We used descriptive statistics to describe the study population. Two-tailed, paired t-tests or chi-squared tests were used to investigate improvements in patients' health behavior and physical quality of life over time (difference between T0 and T1). Changes in patients' physical quality of life and health behaviors were compared among DMPs with different chronic conditions using analysis of variance or chi-squared tests. We employed a multilevel random-effects model to investigate the predictive role of (changes in) health behavior on patients' physical quality of life while controlling for patients' physical quality of life at T0, age, gender, educational level, and marital status. SPSS version 20 (IBM) was used for these statistical analyses. In addition, we tested the final full model on imputed data (10 imputed datasets based on approximately 14,470 observations using the Monte Carlo Markov Chain (MCMC) method) using SAS. Results were considered statistically significant if two-sided p values were 0.05.
Qualitative data collection and analysis
For the qualitative part of the study, semi-structured interviews (see appendix for a topic list) of 45-60 min were held with managers of the 18 DMP projects (four projects were part of a qualitative sub-study and followed a different interview schedule and scheme). Interviews were held at the beginning and end of the project; one project manager declined the follow-up interview, which led to a total of 35 interviews.
The interviews were used to gather information about how the DMPs contributed to healthier behavior among patients. We chose to examine this from the provider perspective because many of the sites implemented changes that were not necessarily seen by patients (such as ICT systems) or were broader than the patient population (such as a community health market). Project managers (providers) were therefore best positioned to indicate what processes were in place through the disease management program (both the work visible to patients and the work often invisible to patients) to improve patient care.
All interviews were recorded with permission and transcribed verbatim. The transcripts were coded inductively and ordered thematically on coding sheets by author BJHW. Each interview transcription, project plan, and document was first read closely to establish general knowledge of the data. Each piece of data was then reread and coded into themes, based on the content. A memo sheet was made for each theme. Our chosen method of inductive analysis provided the opportunity to map the themes back to literature on disease management, ICT systems, and self-management. The quotes selected for this paper were selected by author BJHW and also analyzed by author SA. Patients' physical activity scores improved significantly from T0 (mean, 4.93) to T1 (mean, 5.24; p < 0.001). The percentage of patients meeting the Dutch standard for healthy physical activity also increased significantly from T0 (63.7%) to T1 (68.5%; p < 0.001), while the percentage of current smokers decreased significantly (25.0% vs. 17.8%; p < 0.001). Patients' physical quality of life declined significantly from T0 (42.51) to T1 (41.78). Changes in patients' physical quality of life (F group = 0.934; p = 0.443), mean physical activity (F group = 0.377; p = 0.825) did not vary among DMPs aimed at different conditions. We did find a difference in the percentage of patients that quit smoking across diseases (p < 0.01). The percentage of cardiovascular patients that quit smoking was 6% (out of 637 patients), COPD patients 11% (out of 319 patients), diabetic patients 7% (out of 178 patients), heart failure patients 0% (out of 20 patients) and patients with comorbidity 3% (out of 88 patients).
Results

Quantitative analysis
The results of multilevel analyses (n = 931) are displayed in Table 2 . After adjusting for patients' physical quality of life at T0, age, educational level, marital status, and gender, these analyses showed that the mean number of days per week with more than 30 min of physical activity at T0 (p < 0.01), changes in physical activity (p < 0.001), and percentage of smokers at T0 (p < 0.05) predicted patients' physical quality of life at T1. Higher levels of physical activity at T0 were related to better physical quality of life at T1 (B = 0.41), and the addition of 1 day of physical activity between T0 and T1 improved physical quality of life (B = 0.42), assuming that all other factors in the model remained constant. Multilevel analyses on imputed data showed similar results. Results based on imputed data showed that after adjusting for patients' physical quality of life at T0, age, educational level, marital status, and gender, physical activity at T0 (p < 0.05), changes in physical activity (p < 0.01), and percentage of smokers at T0 (p < 0.05) predicted improved physical quality of life at T1.
Qualitative analysis
In agreement with the results of the quantitative analysis, the qualitative research showed that project managers felt DMPs had contributed to healthier behaviors in patients, especially with regard to smoking cessation. 
How DMPs contributed to healthier behavior
Most respondents indicated that DMP implementation had changed the form of provider-patient interactions. Professionals within practices made more concrete attempts to engage with the ''person'' rather than the patient. This change was reflected in small things that might initially seem to be irrelevant to direct care, such as being courteous to patients in the waiting room, but also in the nature of consultation. DMPs made more systematic use of motivational interviewing, leading to the development of more concrete action plans with patients that specified physical activities and clearly defined targets. This shift was described by several project managers:
''The change from 'doctor knows best' to making an individual care plan and trying to motivate more people to make changes for themselves. That you move away from the idea that there is only one way to effect change. That's what I see as the major shift. It's a different way of thinking.'' (Project Manager E) ''At one point it stopped at [general advice]. We gave the advice: you need to lose weight, move more, take certain medications, etc. But then it was up to the patient to figure out the rest and that's where it often went wrong. We noticed that if you came back a year later, the advice had been given but actually nothing had changed. We didn't have what was necessary to support the patient. . . .. ''. . . using motivational interviewing techniques, it's the patient who should talk first. If your reaction is that you are concerned about the patient's health if s/he does not lose weight or stop smoking, for example, then you give a direct indication that the patient is doing something wrong. You could almost say that you are blackmailing the patient or backing them into a corner . . . you lose your neutrality in the conversation. I've learned that this is not a good way to help the patient initiate changes in lifestyle.'' (Project Manager B)
The quotes from project managers E and A reflect a change mentioned by several project managers regarding how clinicians thought about and interacted with patients. Project managers stated that this change in thinking reflected a shift from the provision of general advice to a focus on patient-centered and mutually agreed upon targets identified by patients, rather than professionals. This was a move, as indicated above, away from one standard approach toward personalized plans to change health behaviors. This not only led to the systematic change that professionals allied to the GP then monitored patients' progress toward achieving these goals, but also to the approach mentioned by Project Manager B that the patient is in the lead and the professional takes a more neutral, assisting position in the efforts to change health behavior.
The aforementioned monitoring process reflects the expansion of communication within DMPs, from a one-on-one providerpatient interaction during an annual check-up to communication among multiple caregivers in regular contact with patients at the individual and group levels. Project managers stressed the importance of group contact because patients could learn from and support one another:
''I can say that someone needs to stop smoking, but at the point where patients are able to say it to one another, it works much better than with my finger pointing at them. And that's the great part [about the program].'' (Project Manager C); and ''There are also groups that take walks together. If they have an appointment to meet as a group at a certain time, then it makes it more difficult not to go, or to back out. Some people need that to make sure they do go.'' (Project Manager A).
As the quote from Project Manager A reflects, professionals recognize that social accountability and community involvement also play important roles in the management of chronic diseases. They therefore worked to create such opportunities through the DMPs, which reflected further innovation in communication by also expanding interactions beyond the practice in order to improve patient care.
This means that practices developed new attempts to connect with patients' everyday worlds, for example, through a community meeting with patients and creating opportunities for networking (e.g., with sports clubs, support groups, and community leaders):
''We are working hard to establish a network with a large group of people in the city who are already involved in sport, diet, physical and manual therapy, but also with other types of interest groups, such as the homeowner's association. (. . .) So we had a network meeting and introduced ourselves as the organizers of a health market. We invited them to join us and divided them into four areas (such as measuring different physical values) that people could visit.'' (Project Manager E).
Beyond changes in direct communication, the project managers also mentioned aspects of DMPs that may not have been evident to patients. Some practices invested in improving or expanding their ICT systems to improve patient tracking:
''We were not anywhere close to having a good overview of all the patients. Now we use our information system to send reminders to come in for a check-up. We developed a good coding system and make sure that individual records are coded properly. That way, we can find them more easily, even if they don't notice.'' (Project Manager D).
ICT systems were sometimes visible in projects, in cases where they were used to improve communication with patients (e.g., through websites or providing patients with access to medical records) and to enable patients to track their behavior, health values, and progress.
In summary, although practices used different strategies, our interviews with project managers confirmed that the projects used the DMPs to ''offer more.'' They changed the nature of conversations with patients in individual and group settings, and improved patient tracking through ICT systems. They also ventured beyond the medical practice into the community to address health behavior changes more comprehensively.
Discussion and conclusion
Discussion
Overall, both the quantitative and qualitative results showed that DMP implementation improved patients' health behavior. These findings are in line with those of Hung and colleagues [33] , who found that interventions such as DMPs based on the CCM offer a useful framework for preventive purposes by addressing important risky health behaviors.
The percentages of patient participants meeting the Dutch standard for healthy physical activity (63.7% in 2010, 68.5% in 2011) were higher than the average percentages in the general adult (18+ years) Dutch population (58.1% in 2010, 58.0% in 2011), and reflect a substantial improvement not seen in the general population [34] . The proportion of current smokers (25.0% in 2010 vs. 17.8% in 2011; 7.2% reduction) among chronically ill patients also decreased substantially. The mean prevalence of smoking in the general Dutch population was 25.6% in 2010 and 2011 [35] .
There is evidence from large long-term randomized controlled trials that quality of life of chronically ill patients slowly deteriorates over time, especially in the placebo groups but sometimes also in the intervention groups [36, 37] . Although physical quality of life also deteriorated among patients in our study, we expect that improvements in health behavior (physical activity and smoking) will prevent or slow down the deterioration of physical quality of life normally seen in a chronic illness population. Qualitative research indicated many of the aspects of DMPs targeted at improving health behavior are expected to have a longer-term impact on quality of life. In a meta-analysis of interventions based on the CCM to improve care for chronic illnesses Tsai and colleagues [23] found that the evidence on quality of life outcomes was mixed. Condition-specific quality of life scales are known to be more sensitive to changes in clinical status compared to generic measures of quality of life such as the SF-36. However, we have chosen the latter, because the generic quality of life measures can be used in a wide variety of diseases, as was the case in our project. Moreover, generic quality of life measures may be more sensitive to long-term benefits of chronic care interventions, especially when life style improvements impact multiple morbidities simultaneously. The sustained ability of practices to ''offer more'' by incorporating aspects associated with DMPs into regular practice and by expanding activities beyond the care setting and into the community is important in this regard as is the focus on patient-led communication.
The study has several limitations. First and most importantly, this study did not include control groups corresponding to all the different patient groups. Although we found that physical quality of life declined over the 1-year period, we do not know whether this reduction was smaller compared with chronically ill patients not enrolled in DMPs. Worsening of the disease, poor medication adherence or an unhealthy diet may also explain declines in quality of life. Future research should investigate the role of other health behaviors. Secondly, we included only patients' and project managers' reported perceptions, and did not report the effects of DMP implementation on patients' objective health outcomes. Thirdly, respondents who completed questionnaires at T0 and T1 were on average older and more physically active than were those who completed only one questionnaire, which may have resulted in non-response bias. Physical activity may also be higher compared to patients not responding at all, which limits generalizability of our study findings. Finally, nonresponse bias at T0 may have affected our findings. We did however test the final full model on imputed data which showed similar results.
Conclusions
DMPs based on the CCM appear to improve physical activity among chronically ill patients over time. Furthermore, this research showed that smoking and (changes in) physical activity were important for the physical quality of life of these patients.
Practice implications
To improve health behavior among chronically ill patients healthcare providers are advised to:
Focus on supporting patients to make healthier lifestyle choices by listening to the needs and desires of patients, for example through motivational interviewing or regular meetings with dieticians and specialized nurses; Developing systems, including ICT systems, to improve communication between the various clinicians providing care to those with a chronic disease and between clinicians and patients; Looking for opportunities to motivate and support patients in the community, whether through targeted outreach (a health market) or supporting existing activities occurring outside the clinic for patients with chronic conditions (walking groups).
